In a cross-sectional observation on 2133 middleaged healthy men, serum creatinine was decreased and creatinine clearance (Ccr) calculated by Cockcroft and Gault formula was increased with increases in alcohol and cigarette consumption. Although no association of Ccr with blood pressure (BP) was observed in drinkers without smoking habit, BP was increased with increases in Ccr in smokers irrespective of alcohol consumption. Further studies are required because the combined elevations of Ccr and BP may relate to the progressive deterioration of renal function in hypertensive smokers.
Alcohol consumption is a cause of human hypertension, but the effects of cigarette consumption on BP have remained obscure. Meanwhile, a low serum creatinine concentration has been observed in both alcohol and cigarette consumers. Drinkers showing low serum creatinine were reported to have a high occurrence of death 1 and disease 2 related to alcohol consumption. On the other hand, since deteriorating effects of cigarette consumption on renal function are well known in patients having kidney diseases, 3, 4 the low serum creatinine may have some relation to the renal-toxic effects of cigarette smoking.
These previous findings prompted us to investigate the associations between alcohol and cigarette consumption, serum creatinine concentration, renal function and BP. Renal function was evaluated by Ccr calculated by Cockcroft and Gault formula, 5 since this formula has been validated as a useful tool for estimating renal function in population-based studies. 6 The subjects were recruited from 2656 male workers aged between 35 and 64 years in an electronic-parts factory who participated in an annual health check-up programme. One-third of the workers were design engineers developing electric devices; the remaining workers were mostly machine operators and a few were clerical workers. Some of them have handled renal-toxic substances, mostly organic solvents, but the annual health examinations have not demonstrated any adverse health effects of those substances. We excluded 276 men who had been known to have diseases of hypertension, cardiovascular disease, chronic liver disease, renal disease and diabetes mellitus. Also, 121 men who showed a body mass index (BMI) of 30 kg/m 2 or higher, or a BP of 180/110 mm Hg or higher, or a fasting serum glucose of 7.0 mmol/l (126 mg/dl) or higher in the health check-ups were excluded so as to avoid the possible effects of marked obesity, high BP and latent diabetes mellitus on the study results. Because of incompleteness of the measurements, an additional 126 men were excluded as well. Totally, 2133 men were defined as the healthy subjects. Written informed consent was obtained from all the subjects.
In the morning after overnight fasting, BP was measured with a sphygmomanometer in the sitting position after resting on a chair for 5 min or longer. Fasting serum sample was analysed for lipids, glucose and creatinine using an automatic analyser. Serum insulin was measured with an enzyme immunoassay. Ccr (ml/min) was calculated as follows: Ccr ¼ (140Àage (years)) Â weight (kg)/ creatinine (mg/dl)/72. This was then normalized by body surface area of 1.73 m 2 . The data on alcohol and cigarette consumption and physical activity at leisure were obtained by a questionnaire and confirmed by experienced nurses. The average volume of ethanol consumed per day was calculated from the data of usual consumption of alcohol beverages during the preceding year assuming that the content of ethanol in beverages was 5% of the volume of beer, 12% of wine, 15% of Japanese sake, 25% of Japanese 'shouchu' and 45% of whisky. The subjects who consumed alcohol beverages only less than once a month were categorized into nondrinkers as well as those of abstainers and teetotalers.
The means and standard deviations of age (years) and BMI (kg/m 2 ) in the subjects were 44.876.52 and 23.072.52, respectively and those of serum creatinine (mg/dl) and Ccr (ml/min/1.73 m 2 ) with the ranges in parentheses were 0.9570.12 (0.6-1.8) and 90.1713.5 (46-156), respectively. Of the subjects, 538 (25.2%) were defined as nondrinkers, and 479 (22.5%) consumed less than 30 ml of ethanol per day, 581 (27.2%) 30-59 ml, 375 (17.6%) 60-89 ml and 160 (7.5%) 90 ml or more. For cigarette consumption, 435 (20.4%) were nonsmokers, 417 (19.5%) were ex-smokers, 822 (38.5%) consumed less than 1 pack per day, 441 (20.7%) less than 2 packs and 18 (0.8%) 2 packs or more. For physical activity at leisure, 1495 (70.1%) exercised not more often than once a month, 365 (17.1%) once a week or less, 199 (9.3%) 2-4 times a week and 74 (3.4%) 5 times a week or more.
The means of serum creatinine in the five alcohol consumption levels were 0.96, 0.97, 0.95, 0.94 and 0.92, and those of Ccr were 89.4, 88.8, 89.7, 91.4 and 94.2, respectively. The differences in these means were significant by one-way analyses of variance (Po0.001). The means of serum creatinine in the five cigarette consumption levels were 0.97, 0.98, 0.94, 0.93 and 0.89, and those of Ccr were 87.7, 87.4, 91.0, 93.0 and 95.6, respectively, and the differences were also significant (Po0.001). The stepwise multivariate regression analyses confirmed that cigarette consumption was a significant contributor to both decreases in serum creatinine and increases in Ccr even after adjusting for the possible confounders such as age, BMI, physical activity, serum concentrations of lipids, glucose and insulin, and that alcohol consumption was a significant but weak contributor to the levels of serum creatinine and Ccr. Figure 1 illustrates the age-and BMI-adjusted means and standard errors of systolic BP (SBP) according to the quartiles of Ccr distribution separately in the four groups of subjects with or without alcohol and cigarette consumption. The means of SBP were higher in drinkers than in nondrinkers at any level of Ccr, but no significant association of BP with Ccr was observed in drinkers who did not smoke. On the other hand, the means of SBP in smokers were elevated with the elevation of Ccr irrespective of alcohol consumption. Smokers having a Ccr lower than 90 ml/min/1.73 m 2 showed a lower SBP than nonsmokers, but those having a Ccr of 99 ml/min/1.73 m 2 or above showed 2-3 mm Hg higher SBP in average than nonsmokers.
A generalized linear model analysis confirmed a significant interactive effect of cigarette consumption with Ccr on the levels of SBP, together with the direct positive effects of alcohol, age and BMI on BP levels and a negative one of cigarette consumption, suggesting the different association of Ccr with BP between smokers and nonsmokers.
Halimi et al. 7 reported a high Ccr or large glomerular filtration rate (GFR) in smokers in a general French population, similar to our findings. Briganti et al., 8 however, reported a decrease in Ccr related to lifelong accumulated cigarette consumption. Pinto-Sietsma et al. 9 observed significantly more appearance of both high and low GFR in smokers. Some hypotheses have been proposed to explain these changes in GFR in cigarette consumers. Nicotine causes constant renal vasodilatation by release of nitric oxide and natriuretic peptides, with the repeated renal vasodilatations causing chronic glomerular hyperfiltration. 7 Or, transient renal hypoperfusion is caused by each cigarette use, and the repeated hypoperfusion may damage some glomeruli, and this in turn induces hyperfiltration in the remnant glomeruli. Normal or high GFR in smokers hence reflects a compensated phase, but which would eventually deteriorate to the renal failure phase. 10 Increased Ccr observed in smokers, therefore, should be considered as an early sign of cigaretteinduced renal damage. The present study added to it a new finding: the increased Ccr in middleaged smokers, when it exceeds 99 ml/min/1.73 m 2 , is often associated with 2-3 mm Hg higher BP in comparison with nonsmokers. The implications of the slightly high BP in smokers with a high Ccr in their health consequences require further investigations, since more adverse effects of smoking combined with high BP have been suspected to cause a high risk of end-stage renal disease. What is known about this topic K Alcohol consumption causes human hypertension, but the effects of cigarette consumption on blood pressure (BP) remain obscure. K Cigarette consumption causes renal dysfunction, but the effects of alcohol consumption on the renal function remain obscure. K Serum creatinine concentrations are low in both alcohol and cigarette consumers.
What this study adds K Creatinine clearance (Ccr) calculated by Cockcroft and Gault formula is increased with increases in both alcohol and cigarette consumption. K Elevations of BP associated with increased Ccr are found only in smokers irrespective of alcohol consumption. K BP is 2-3 mm Hg higher in smokers than in nonsmokers who showed a Ccr of 99 ml/min/1.73 m 2 or above.
